INTRODUCTION
adults. This is especially true during mili-.
. , ,. ... , ,, tary recruit training (1, 2) and in a college Acute respiratory diseases constitute the ,;. .. .. ,, JV '.' , . , ,. ,.,..
• setting (3) (4) (5) . Most studies have been conmost common cause of disability in young cemed with the incidence of clinical diseases severe enough to merit hospitalization and have been carried out in temperate climates. Little information is available on the risk of infection in young adults. The few studies made in the United States have been limited to the basic recruit training period or carried out as part of a vaccine trial for influenza. The present study concerns the risk of acute respiratory infections over a one to two-year period in two young adult groups in Colombia, South America as measured by serologic conversion rates on serial serum samples. One group consisted of Colombian military recruits stationed in several military camps between 1966 and 1968, and persons in the other group were U.S. Peace Corps volunteers working in scattered urban and rural areas throughout Colombia, from 1964 to 1966. Certain similarities and certain differences were found in these groups as compared to military and civilian groups in the United States. The report demonstrates the application of prospective seroepidemiologic techniques in assessing risk factors.
MATERIALS AND METHODS
Study groups. The population groups studied were not initially selected for comparative purposes; their characteristics are given in table 1. The differences in the years of collection and the timing of the (6, 7) . The subsample of 346 recruits from this group was then bled at the time of discharge after 22 months of Army service and constitutes the subject of this paper. The selection of this subsample was based on the availability of recruits discharged through three centers near the city of Bogota.
The 208 Peace Corps volunteers represented a subsample from 1,362 volunteers working in 14 Latin American countries who constituted the Colombia assignees. This group, which included 47 women and 161 men, was bled in the U.S. prior to their assignment; 205 of them were sampled after about 15 months of service and 41 again at about 23 months, close to the time of their discharge. The average age of the Peace Corps volunteers was slightly higher than the recruits and included some older persons. The blood samples from this group immediately antedated the military collection. The Peace Corps volunteers worked in both urban and rural environments throughout the country whereas the recruits lived in barracks, in camps, and for the most part remained at the same military installation during the entire period. Specimens from both groups were taken prior to the entering vaccination program which in neither case included influenza vaccine. No reliable clinical data were available from either group.
Laboratory methods. A hemagglutination-inhibition (HI) test on microtiter plates was carried out for influenza virus using chick red cells and for parainfluenza using guinea pig red cells according to methods of Sever (8) as used at the National Communicable Disease Center (9), now the Center for Disease Control (CDC). All sera were inactivated at 56 C for 30 minutes and pretreated with trypsin and periodate. For parainfluenza tests they were further absorbed with guinea pig red cells. Appropriate positive and negative sera were included in each test run and all paired sera showing a twofold or greater rise in titer were retested to confirm the results. The viral antigens were obtained from CDC except for a few lots of parainfluenza procured from commercial laboratories (Flow Laboratories or Microbiological Associates) . The following influenza strains were employed: A2/Taiwan/64, B/Maryland/ 1959. Some tests were also done with A2/ Japan and B/GL/54. All sera were stored at -20 C until tested.
A hemagglutination-inhibition test for adenoviras types 3 and 7 was carried out by the method of Rosen (10) and as adopted by Nadel (11) to microtiter. U-bottom microtiter plates (Limbro Chemical Co., IS-MRC-96) and commercial antigens (Microbiological Associates) were used. Rhesus erythrocytes obtained in this laboratory were employed in the test and in pre-absorption of serum. The metabolic inhibition (MI) (12) and/or tetrazolium reductioninhibition tests (13) were used for M. pneumoniae; antibody rises found by the TRI method were confirmed by the MI test. Both tests reflect long lasting growth inhibiting antibody.
RESULTS

Myxovirus
Infection rates. These are listed in • The number in parentheses indicates the number of individuals whose sera were tested and used as the denominator for the rates.
viruses. Of these, influenza A2 accounted for 10.7 per cent and influenza B/Maryland for 2.0 per cent. Samples available from 41 of these volunteers seven months later showed only three additional rises in titer.
In 346 military recruits bled in July 1966 on entry into service and 22 months later at the time of discharge, a total infection rate for myxovirus of 75.4 per cent was detected ; 39 per cent had serologic evidence of influenza A2, 13.6 of influenia group B, and 15 per cent of parainfluenza type 3 infections. The distribution of these seroconversions between the first and second year of military duty is unknown as only two paired sera samples were available from each recruit.
The differences in infection rates to influenza and parainfluenza viruses in these two groups could reflect either varying degrees of susceptibility on entry into military or Peace Corps Service and/or variations in exposure patterns during the respective periods of observation in each group. The application of prospective seroepidemiologic methods to these questions is presented below. Susceptibility. The entering HI antibody level was taken as a measure of susceptibility as indicated by the absence of antibody at 1:10 serum dilution. The results are summarized in table 3. On this basis three times as many recruits were susceptible to influenza A infections as Peace Corps volunteers (36 per cent vs. 12 per cent) and twice as many were susceptible to influenza B infections (59 per cent vs. 33 per cent). Similarly, three to four times as many Colombia recruits were susceptible to parainfluenza infections as the U.S. Peace Corps volunteers. However, reinfections with parainfluenza viruses are common in adults so that humoral antibody cannot be regarded as highly protective.
EVANS, JEFFREY AND NIEDBEMAN
Exposure. The assumption was made that a higher attack rate in susceptible individuals (i.e., those lacking antibody) would reflect a greater exposure to virus. Further, if each level of HI antibody indicated an increasing level of immunity, then a higher seroconversion rate at any single level of initial antibody would also indicate more exposure to that virus. Table 4 is constructed to show this type of analysis for influenza A. In persons without antibody at a 1:10 serum dilution fourfold rises in titer occurred in 64 per cent of the recruits as compared to 40 per cent of the volunteers; at a 1:10 initial HI level the rates were 36.2 in the recruits and 13.6 per cent in the Peace Corps volunteers. These data suggested a higher degree of exposure in the recruit population. This comparison is based largely on samples taken after 15 months of service in the Peace Corps volunteers and 22 months in the Colombia military recruits. Conversions of the attack rates to a per annum basis in persons with antibody levels ^ 10 still revealed a higher attack rate in the recruits (20.0/100) than in the Peace Corps volunteers (10.4/100). Evidence of increasing protection was demonstrated at HI levels higher than 1:10 in both groups and the seroconversion rates were comparable. No evidence of infection was demonstrable in either group at HI levels over 1:40.
The risk of infection for influenza B and parainfluenza 1 and 3 viruses in relation to entering antibody levels is shown in table 5 for the recruits. The rates were too low in Peace Corps volunteers for meaningful analysis. In the recruits, infection for influenza B and parainfluenza 1 and 2 viruses occurred only in persons with antibody levels < 1:20. The number at risk to infection for para 1 and 2 at antibody levels over 10, however, was quite small. In parainfluenza 3, some infections occurred at levels of 1:20 but none at higher antibody levels despite 94 persons at risk. Similar data were obtained for influenza B and parainfluenza 1, 2 and 3 antibodies. Significant drops of fourfold or more in titer were distinctly uncommon in all groups and ranged from 0 to a maximum of 4.2 per cent over periods of 15 to 23 months.
Adenoviruses
In serum samples obtained from 331 recruits on entry into the Colombian Army none were found to contain hemagglutination-inhibition antibody to type 3 adenovirus at a 1:10 dilution, and 16.3 per cent had type 7 antibodies. In similar tests on 201 U.S. Peace Corps volunteers on entry, 30.8 per cent had adenovirus type 3 and 21.4 per cent adenovirus type 7 antibodies. In samples obtained from all of the recruits after 22 months in service no significant rise to type 3 adenovirus was found but 21 or 6.3 per cent had a fourfold or greater rise to adenovirus type 7; 20 of these 21 lacked demonstrable antibody in their initial serum sample. The majority of recruits (73.4 per cent) had been assigned to three military battalions, and adenovirus type 7 infection rates in these were 2, 6, and 9 per cent. Follow-up sera from 197 of the original group of 201 Peace Corps volunteers were available after 15 months; none of these follow-up sera showed the new appearance of, or a rise in, HI antibody to type 3 adenovirus and only one had a serologic conversion to type 7. The decrease in HI titers over time was also analyzed. In 331 recruits a fall in type 7 HI titer occurred in 38 of the 54 persons originally possessing it and in 33 of these it dropped to undetectable levels. In 197 Peace Corps volunteers retested after 14 months, 27 of 59 (45.8 per cent) originally possessing antibody for type 3 showed no change in titer and 15 (25.4 per cent) had dropped to undetectable levels; of 40 possessing type 7 antibody initially, 25 or 62.5 per cent remained the same and six or 15 per cent were at undetectable levels. Complement fixing antibody tests for adenovirus were also carried out. The prevalence of antibody at 1:5 or higher on entry into service was 36.2 per cent in military recruits. At the time of discharge only three (2 per cent) showed significant increases in titer. These tests were not carried out on the Peace Corps group because of the negative results with the adenovirus HI test in this population and the infrequency of adenovirus infections in young civilian adults.
M. pneumonias
Tests for M. pneumoniae were carried out on 176 paired sera from the recruits and on 111 paired sera from the Peace Corps volunteers. On entry into military service, 79 or 44.9 per cent of the sera from the recruits possessed growth inhibiting antibody to M. pneumoniae at 1:1 or higher dilution. At the end of 22 months, 30 or 17.0 per cent had a fourfold or greater increase in titer. If those in the group already possessing antibody on entry are excluded as immunes, then the attack rate is 30.9 per cent or 16.9 per 100 susceptible recruits per year. In the Peace Corps group, 54 of 111 tested (48.6 per cent) had antibody on entry and 25 or 22.3 per cent had serologic rises in sera obtained at 15 and/or 22 months -t the seroconversion rate was 27.8 per 100 per year in those initially lacking antibody.
DISCUSSION
This study has measured infection rates for influenza and parainfluenza viruses as indicated by fourfold or greater rises in titer in two young adult populations observed sequentially in Colombia, South America. One of these was a military recruit group and the other a civilian one represented by Peace Corps volunteers. High rates in military recruits, especially during basic training are widely recognized and reported (1). This was confirmed in the present analysis of Colombia military recruits in whom infections with influenza and parainfluenza viruses combined averaged about 350/1000 and, with influenza A alone, 213/ 1000 recruits/year. Data on the frequency with which clinical illness accompanied this seroconversion were not available but we have recently found a 1:2 subclinical to clinical ratio in a group of University students during an outbreak of Hongkong influenza (14) .
In civilian populations acute respiratory diseases are also common and influenza viruses are the major pathogen in hospitalized cases (3, 15, 16) . In University of Wisconsin students influenza accounted for about 15 per cent of all hospitalized respiratory illness over a nine-year period; in an epidemic year such as 1957 over 62 per cent of all respiratory admissions were associated with influenza viruses (15). In a 10-year study of Cleveland families Dingle et al. (16) determined the serologic infection rates to influenza in sera collected every six months; fourfold rises in titer between these samples occurred regularly during this period, with 15 to 25 per cent of the study group showing rises in epidemic years and 5 to 10 per cent in non-epidemic years. In the U.S. Peace Corps groups reported here, 10.9 per cent showed fourfold increases to influenza A in the first 15 months and an additional 2.1 the next eight months for an average of 7.1 per cent. Influenza B infections averaged 2 per cent. These rates compare closely with the Cleveland data in non-epidemic years.
Serologic evidence of influenza and parainfluenza infections indicated a higher infection rate in the Colombian recruits than in the Peace Corps volunteers in Colombia during their respective periods of observation. These differences could be due either to a higher number of susceptibles in the recruit population or to a more intense exposure or to both of these factors. Analysis of these variables was made from the available serologic data. Comparison of the entering antibody level in both groups indicated that three times as many recruits lacked demonstrable influenza A2 antibody as the volunteers and about twice as many lacked B influenza antibody. Even greater differences were found for parainfluenza antibodies. On this basis the recruits were clearly a more susceptible group. This lack of immunity could be a function of their younger age and/or of less prior influenza exposure in their home environments. The average age of the volunteers was 3.7 years greater than the recruits and included a number of older persons. The question of the intensity of exposure during the study periods was approached by comparing infection rates at each entering antibody level. In this way, immunity and susceptibility could be held constant. The recruite clearly had greater exposure: even after correction of the differing span of observation, the seroconversion rates for influenza A2 in persons with little or no antibody (^ 10) was twice as high in the recruits compared to the Peace Corps volunteers. As different years of observation were involved, this difference in exposure could reflect seasonal variations in influenza activity. However, no mention of unusually extensive influenza outbreaks in Colombia was found in WHO Weekly Epidemiological Record during these periods. It seems likely that the more intense exposure in recruit populations as compared to civilian environments played an important role in the higher rates for influenza and parainfluenza infections in the military.
The initial hemagglutination-inhibition antibody level in this study proved to be a reliable indicator not only of the probability of subsequent infection but also of the durability of immunity. No evidence of infection as judged on serologic grounds was seen at HI levels of 1:40 or higher for A2 influenza. For influenza B and parainfluenza 1, no fourfold rises developed over the twoyear period if the entering level was 1:20 or higher. This was not true for parainfluenza 3 in which infection at higher levels did occur.
The relation of the level of both natural and vaccine-induced influenza antibody and the subsequent risk of infection and/or clinical influenza has been pointed out previously by Bell (17) , and many others, provided exposure is to the same or closely related strains. The present study suggests the possible duration of this natural protection over two years.
Adenovirus infections and associated clinical illnesses are also common and important problems of military recruits in basic training (1, 2) . A seroconversion rate to type 4 of about 50 per cent was found in two groups of Naval recruits during their nine weeks at Great Lakes Naval Training Center (18) .
In the present study only 6.3 per cent of Colombian recruits showed seroconversion to adenovirus type 7 and none to type 3 by the HI test and only 2 per cent by the group specific CF test. These results must be interpreted cautiously because these antibodies are not long lasting and the sera were obtained 22 months apart. Neutralization tests were not carried out.
M. pneumoniae infeotions occurred in 17 per cent of the recruits and 22.3 per cent of the volunteers over the study period, as reflected by long lasting growth-inhibition antibody. The calculated yearly seroconversion rates in individuals lacking M. pneumoniae antibody on entry was 16.9 per 100 susceptible recruits and 26.8 per 100 Peace Corps volunteers. Infections with this agent and the primary atypical pneumonia associated with it are common and cyclic occurrences in young adults in civilian settings (5, 19) and are an important problem at some recruit training centers in certain years (1, 20, 21) .
The prospective seroepidemiologic method employed has been useful in 1) determining total infection rates-clinical and subclinical; 2) delineating the risk of infection in susceptible persons and at differing antibody levels; 3) estimating the duration of antibody and its relation to immunity This technique may also be useful in identifying patterns of spread because it is able to detect mild or inapparent infections that may represent essential links in the chain of transmission.
SUMMABY
A prospective seroepidemiologic survey was carried out on 346 Colombian military recruits and on 208 Peace Corps volunteers in Colombia, South America in order to determine the risk of respiratory infections. The studies were done sequentially.
